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ABSTRACT Biologic impact 

 ition ion of the imprint of hurricanes and other Biologic changes in dominance and diversity have 
storm deposits on the sediment record can provide been noted as delicate, rapidly growing, branching 
useful stratigraphic marker for the study of corals like Acropora cervicornis are broken and 

lnodern and ancient reef systems. Several recent fragmented (Ball et al. 1967, Perkins & Enos 1968, 
studies have documented the physical and Stoddart 1974. Knowlton et al. 1981, Porter et al. 
b ~ ~ l ~ ~ i ~ a l  impact of hurricanes on modern reefs 1981, Rogers et al. 1982, Kjerfve & Dinnel 1983, 
imdiately following storms. However, it is Tunnicliffe 1983). Occasionally during extremely 
important to understand how that impact will be high energy conditions, improperly oriented 
preserved in the sediment record of the reef to massive coral heads of Montastrea annularis, 
enable its recognition and proper interpretation Siderastrea siderea, or Porites astreoides may be 
h e n  describing reef history and development. broken from the substrate and be reoriented (Mah & 

Stearn 1986). Mortality of surviving colonies due 
Sediment cores were taken from lagoonal patch reef to abrasion, increased predation, turbidity and 
end forereef settings along the north coast of sedimentation, and lower salinity resulting from 
Jamaica before and after the passage of Hurricane runoff of fresh water from land may be as great as 
Allen in August 1980. Examination of these cores 95 to 98 percent (Knowlton et al. 1981, Rogers et 
has revealed that preservation of storm events is al. 1982, Kaufman 1983, Tunnicliffe 1983). 
variable and may be altered with time. Although Skeletal remnants of the fragmented corals may be 
storm layers were easily recognized in lagoonal transported shoreward into the lagoon or seaward 
settings within two years following the hurricane, into deeper water. 
passage of time has made recognition based on 
grain-size differences more difficult due to 
bioturbation and grain-size alteration. However, Sedioentologic impact 
it was possible to identify storm sediments by the 
presence of allochthonous skeletal grains. Hurricanes tend to transport sediment from deep 

water into shallow water environments and from 
In contrast, while significant damage was noted to shallow water back into deep water environments. 
reef organisms on the forereef following the This results in a mixing of sediment textures and 
hurricane, the sediment record of the storm skeletal components representing different 
appears to be patchy and poorly defined. Seven environments (Hayes 1967). In general there is a 
years after the hurricane it was possible to net transport of large boulders and mud into 
recognize the storm layer only where it had been nearshore environments during the storm, followed 
preserved in protected depressions. Problems in by transport of nearshore sand and clay-sized 
recognition of the storm layer on the forereef may materials seaward during and after the storm (Ball 
be related to physical and biological reworking of et al. 1967, Graus et al. 1984). 
the sediment record. Understanding the problems 
related to recognition of preservation of storm Major topographic changes may accompany 
layers may alter identification and interpretation hurricane-related modification of reef biota and 
of ancient storm events. sedimentology. Scouring of channels and erosion 

of sand dunes into wave-cut cliffs and terraces, 
destruction of rampart islands and mud banks, and 

INTRODUClTON accretion of new islands have been noted by Hayes 
(1967), Perkins & Enos (1968), and Stoddart 

Although catastrophic hurricanes are relatively (1970). 
uncommon events in the day to day existence of 
modern reefs, their preservation in the geologic 
record should be common and easily recognized. HURRICANE ALLEN 
Ball et al. (1967) have suggested that the 
scarcity of ancient storm deposits is probably due Hurricane Allen has been described as one of the 
to a lack of recognition rather than a lack of most severe hurricanes in the Caribbean during 
existence. this century (Porter et al. 1981, Woodley et al. 

1981, Graus et al. 1984). As the hurricane 
Several investigators have documented the physical traveled along the north coast of Jamaica on the 
and biological effects of hurricanes on modern morning of August 6, 1980, it passed within 65 km 

I reefs immediately following storms. Although the of the fringing/barrier reef system at Discovery ; actual damage sustained during a particular storm Bay. 
is dependent upon several factors, including wave 
height and force, bottom topography, and biota The geology and biology of the reefs at Discovery 
present, some general patterns have been noted. Bay had been documented by numerous investigators, 

and damage to the reef system caused by Hurricane 
Allen was dramatic. The greatest destruction f 

I 
occurred in the shallow reef zones with the 

I breakage and mortality of Acropora 



pa lma ta  and Acropora c e r v i c o r n i s .  P h y s i c a l  damage 
t o  c o r a l s  was r epor t ed  a t  d e p t h s  a s  g r e a t  a s  -50 m 
a t  Discovery Bay (Woodley e t  a l .  1981). Woodley 
e t  a l .  (1981) r e p o r t  maximum r e e f  damage on t h e  
no r theas t e rn  c o a s t  o f  Jamaica which was n e a r e s t  t o  
t h e  s torm t r a c t .  Phys i ca l  damage t o  t h e  r e e f  
system was r epor t ed  t o  dec rease  westward t o  Rio 
Bueno. 

EXAIIINATION OF SEDIMENT RECORD 

I n  o rde r  t o  determine t h e  c h a r a c t e r  of t h e  
sediment record o f  Hurr icane A l l e n ,  c o r e s  of r e e f  
sediments  were ob ta ined  a t  s e v e r a l  l o c a l i t i e s  
a long t h e  no r th -cen t r a l  Jamaican c o a s t  du r ing  1981 
t o  1987, u s ing  a n  underwater pneumatic d r i l l  and 
c o r e  b a r r e l  ( f i g u r e  1 ) .  Fo re ree f  c o r e s  were t aken  
from t h e  middle of sand channe l s  a t  Maria Buena 
Bay ( i n  dep ths  o f  -40 and -60 f e e t ) ,  a t  Dancing 
Lady Reef ( i n  dep ths  o f  -50, -55, and -60 f e e t )  
and Mooring I ( i n  dep ths  o f  -40, -60, and -65 
f e e t )  a t  Discovery Bay, and a t  Pea r  T ree  Bottom 
( i n  dep ths  of -55 and -60 f e e t ) .  I n  1980, 1981. 
1982, 1984, and 1986, l agoona l  r e e f  c o r e s  were 
t aken  a long north-south and eas t -west  t r a n s e c t s  of 
t h e  Red Buoy Pa tch  Reef and Columbus Park Reef 
w i th in  Discovery Bay. 

Sediment c o r e s  were s p l i t  i n t o  2.5 cm i n t e r v a l s  
which were wet and d ry  s i eved  i n t o  p h i  (0 )  g rades  
and weighed. Sand-sized and c o a r s e r  sediments  
were examined under a  b inocu la r  microscope t o  
determine b i o t i c  o r i g i n  of s k e l e t a l  g r a i n s .  
Hurr icane i n t e r v a l s  were then  i d e n t i f i e d  based on 
abnormal abundances of Acropora c e r v i c o r n i s .  
Graphs of g r a i n  s i z e  v e r s u s  weight  pe rcen t  were 
p l o t t e d  f o r  each c o r e ,  i n d i c a t i n g  t h e  h u r r i c a n e  
l a y e r  where p o s s i b l e .  

& JAMAICA \ 

F i g u r e  1. Map showing t h e  d i s t r i b u t i o n  o f  sediment 
c o r e s  a long t h e  no r th -cen t r a l  c o a s t  o f  Jamaica. 
Dots i n d i c a t e  t h e  p o s i t i o n  of co re s .  

RESULTS 

Pre l imina ry  r e s u l t s  of t h i s  i n v e s t i g a t i o n  have 
been r epor t ed  by Bonem (1984. 1985). 

Lagoonal r e e f  c o r e s  

Cores t aken  du r ing  1981 and 1982, a long  t r a n s e c t s  
of t h e  Red Buoy Pa tch  Reef i n  e a s t e r n  Discovery 
Bay were examined i n  d e t a i l  t o  i d e n t i f y  
d i f f e r e n c e s  i n  s k e l e t a l  composi t ion and g r a i n  s i z e  
r e l a t e d  t o  t h e  b i o t i c  zona t ion  d e s c r i b e d  by Bonem 
& S t a n l e y  (1977). During t h a t  i n v e s t i g a t i o n  i t  
was noted t h a t  two anomalous i n t e r v a l s  occu r red  
nea r  t h e  t o p  of each co re .  One i n t e r v a l  appeared 
t o  be r e l a t e d  t o  dredging of t h e  s h i p  channe l  i n t o  
Discovery Bay i n  1977, and t h e  second i n t e r v a l ,  
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F i g u r e  2. Graph showing t h e  r e l a t i o n s h i p  between 
p h i  ( 0 )  g r a i n  s i z e  and weight pe rcen t  f o r  t h e  
Sponge Zone a t  t h e  Red Buoy Pa tch  Reef.  Hur r i cane  
i n t e r v a l  is shown i n  dashed l i n e s  and i n d i c a t e s  
i nc reased  amounts o f  f i n e  sediments .  

c o n t a i n i n g  r e l a t i v e l y  l a r g e  amounts of Acropora 
c e r v i c o r n i s  f ragments ,  could be r e l a t e d  t o  
Hur r i cane  Al l en  based on comparison wi th  c o r e s  
t aken  i n  1980 p r i o r  t o  t h e  passage of t h e  
hu r r i cane .  

I n  g raphs  showing p h i  g r a i n  s i z e  ve r sus  weight  
pe rcen t  "normal" sediment i n t e r v a l s  a r e  shown by 
s o l i d  l i n e s  and t h e  hu r r i cane  i n t e r v a l  is 
rep resen ted  by dashed l i n e s .  Some normal l i n e s  
were omi t t ed  from graphs  included h e r e  f o r  
c l a r i t y .  

I n  sha l low zones  of t h e  patch r e e f ,  a s  r ep resen ted  
by t h e  Sponge Zone i n  f i g u r e  2 ,  t h e  h u r r i c a n e  
i n t e r v a l  c o n t a i n s  an  anomalously l a r g e  weight  
pe rcen tage  of f i n e r  sediment  ( > 2  ph i ) .  I n  
c o n t r a s t ,  t h e  deeper  r e e f  zones ,  such a s  t h e  
Massive Cora l  Zone and Agar i c i a  Zone of Bonem & 
S t a n l e y  (1977) ,  an  i n c r e a s e  i n  i n t e r m e d i a t e  
sand-sized sediment  (+1 ph i )  and accumulat ion of 
d e b r i s  c o a r s e r  t han  -1 p h i  is noted.  T h i s  is 
shown i n  t h e  graph of t h e  sediment r eco rd  from t h e  
Agar i c i a  Zone ( f i g u r e  3 ) .  Graphs from o t h e r  a r e a s  
of t h e  r e e f  e i t h e r  show t h e  same t r e n d s  ( b u t  i n  a  
l e s s  impres s ive  manner) o r  appear  t o  l a c k  ev idence  
o f  t h e  d e p o s i t i o n  of a  hu r r i cane - re l a t ed  l a y e r .  



C o r e s  t a k e n  a t  Columbus P a r k  Reef i n  w e s t e r n  
D i s c o v e r y  Bay d u r i n g  1984. showed s i m i l a r  t r e n d s .  
However, when a d d i t i o n a l  c o r e s  were  t a k e n  a t  t h e  
Red Buoy Reef i n  1986 ,  t h e  p a t t e r n s  o f  anomalous  
. g r a i n - s i z e  d i s t r i b u t i o n  were  s t i l l  p r e s e n t ,  b u t  
were  much less d i s t i n c t .  The s t o r m  l a y e r  a p p e a r e d  
t o  h a v e  been  mixed ,  p e r h a p s  by b i o t u r b a t i o n  o r  
p h y s i c a l  r e w o r k i n g ,  i n t o  a  b r o a d ,  less d i a g n o s t i c  
i n t e r v a l .  

I 
I 
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F i g u r e  3. Graph showing  t h e  r e l a t i o n s h i p  be tween  
p h i  ( 0 )  g r a i n  s i z e  a n d  w e i g h t  p e r c e n t  f o r  t h e  
A ~ a r i c i a  Zone a t  t h e  Red Buoy P a t c h  R e e f .  
H u r r i c a n e  i n t e r v a l  is shown i n  d a s h e d  l i n e s  a n d  
i n d i c a t e s  i n c r e a s e d  amounts  o f  s e d i m e n t  i n  t h e  t1 
p h i  r a n g e .  
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F i g u r e  4. Graph  showing t h e  r e l a t i o n s h i p  be tween  
p h i  ( 0 )  g r a i n  s i z e  and  w e i g h t  p e r c e n t  f o r  
i n t e r v a l s  w i t h i n  a c o r e  o b t a i n e d  a t  -55 f e e t  i n  a  
s a n d  c h a n n e l  a t  Dancing  Lady Reef .  No h u r r i c a n e  
i n t e r v a l  c o u l d  be  i d e n t i f i e d  i n  t h i s  c o r e .  

F r i n g i n g / b a r r i e r  r e e f  c o r e s  

I n  a n  a t t e m p t  t o  d e t e r m i n e  w h e t h e r  t h e  p a t t e r n s  
o b s e r v e d  f o r  t h e  h u r r i c a n e  i n t e r v a l  p r e s e r v e d  i n  
p a t c h  r e e f s  w i t h i n  D i s c o v e r y  Bay c o u l d  be  
r e c o g n i z e d  on t h e  f o r e r e e f ,  s e d i m e n t  c o r e s  w e r e  
o b t a i n e d  f rom 4  r e e f  a r e a s  a l o n g  t h e  n o r t h - c e n t r a l  
c o a s t  o f  J a m a i c a .  

F i g u r e  4  shows t h e  g r a p h  o b t a i n e d  from a c o r e  
t a k e n  a t  a  d e p t h  o f  -55 f e e t  a t  Dancing Lady ReeE 
o n  t h e  w e s t  f o r e r e e f  o f  D i s c o v e r y  Bay. The 
p a t t e r n  shown i n  t h i s  g r a p h  i s  t y p i c a l  o f  c o r e s  
t a k e n  f rom t h e  m i d d l e  o f  open  s a n d  c h a n n e l s  a t  
Mar ia  Buena Bay a n d  Dancing  Lady and Mooring I a t  
D i s c o v e r y  Bay. Only a t  P e a r  T r e e  Bottom, where 
t h e  s a n d  c h a n n e l  a t  -60 f e e t  was p r o t e c t e d  on  
t h r e e  s i d e s  by s t e e p  b u t t r e s s e s ,  was e v i d e n c e  o f  
t h e  s t o r m  l a y e r  f o u n d .  F i g u r e  5  i l l u s t r a t e s  a  
s h i f t  t o  c o a r s e r  s e d i m e n t  s i z e s  w i t h i n  t h e  
i n t e r v a l  t h a t  c o n t a i n e d  a n o m a l o u s l y  g r e a t  amounts  
o f  i d e n t i f i a b l e  Acropora  c e r v i c o r n i s  f r a g m e n t s .  
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F i g u r e  5. Graph  showing  t h e  r e l a t i o n s h i p  between 
p h i  (0)  g r a i n  s i z e  a n d  w e i g h t  p e r c e n t  f o r  
i n t e r v a l s  w i t h i n  a  c o r e  o b t a i n e d  a t  -60 f e e t  i n  a 
r e s t r i c t e d  s a n d  c h a n n e l  a t  P e a r  T r e e  Bottom. 
H u r r i c a n e  i n t e r v a l  i s  shown i n  dashed  l i n e s  and  
shows a n  i n c r e a s e  i n  c o a r s e  s e d i m e n t  w e i g h t  
p e r c e n t .  

D e s p i t e  o b s e r v a t i o n s  o f  major  damage t o  t h e  
J a m a i c a n  r e e f  s y s t e m  c a u s e d  by H u r r i c a n e  A l l e n ,  
r e c o g n i t i o n  o f  t h e  p a s s a g e  o f  t h e  h u r r i c a n e  based  
on e x a m i n a t i o n  o f  t h e  r e e f  s e d i m e n t  r e c o r d  is 
d i f f i c u l t .  The r e s u l t s  o f  t h i s  s t u d y  s u p p o r t  
p r e d i c t i o n s  made by t h e  computer  model p u b l i s h e d  
by G r a u s  e t  a l .  (1984).  T h i s  model s u g g e s t s  t h a t  
d i s t u r b a n c e  o f  t h e  s e d i m e n t  r e c o r d  w i l l  be 
min imized  i n  p r o t e c t e d  c a t c h m e n t  a r e a s  o r  s e d i m e n t  
t r a p s  w i t h i n  t h e  l a g o o n  o r  on  t h e  f o r e r e e f .  Thus ,  
p r e s e r v a t i o n  o f  t h e  s t o r m  l a y e r  w i l l  be  p a t c h y  and  
l i m i t e d  t o  a r e a s  where  s e d i m e n t s  have  n o t  been  
reworked  by p h y s i c a l  o r  b i o l o g i c a l  p r o c e s s e s .  

Where t h e  l a y e r  is r e c o g n i z e d ,  e i t h e r  on  t h e  
f o r e r e e f  o r  i n  t h e  l a g o o n ,  i t  shows a g e n e r a l  
p a t t e r n  o f  c o a r s e  s e d i m e n t s  b e i n g  mixed w i t h  f i n e  
s e d i m e n t s  i n  l o w  e n e r g y  o r  d e e p  w a t e r  
e n v i r o n m e n t s ,  a n d  f i n e r  s e d i m e n t s  b e i n g  washed 
i n t o  s h a l l o w  w a t e r  o r  h i g h  e n e r g y  e n v i r o n m e n t s .  



Understanding of t h e  the  problems and 
p re se rva t iona l  p a t t e r n s  of s torm l a y e r s  i n  t h e  
r e e f  sediment record through t ime,  may g r e a t l y  
modify r ecogn i t i on  and i n t e r p r e t a t i o n  of a n c i e n t  
s torm even t s .  
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